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ABST’RA(:T

Neutrino.electron elastic scattemng was observed at LAMF’F with a 15-ton

fine-grained tracking calorimeter exposed to ehwtron-neutrinos from muon ilc-

cay at rest. me measured M,? + Vef elastic scattering cross section, 10,() i

1.5(stut) i O.!)(syst) x 10 ‘Bcmz K (F;,, (MeV)), give a model independent nien.

sllrement of the strength t~f the destructive inter fert*nce between the charged and

neutral currents, / -: 107 { ().21, that agrees well with the stmdard model (SM)

prediction 1 I 08. ‘1’he agrcell~cr~t between the mensurd elcrtr(~wed p~i~l]l

d.ers and SM rxpectat, ions is use(i to place lin~ltri on mmtrino propertlrs, such M

neutr~no tlavor-{-hmnging ncutrrd currents nu(i neutrlno ele(.tr(:)IIlagIlcti{. motllrnt:i,

and on the masses of hypothctlcrd new I)osons” th,at would intcrmct with leptor~s

lN’I’f{o l)[f(’’l’ION”



scattering of a neutrino “. rarryin,q a nlagrretic moment . ,“ .4 sear~-h for su(’h

an effect (the first of many upper Iinlits connected with neutrinos! ) was nladv in

1!135 by Xahn]las ‘!; attempts t~~cietect V<c scat tt’rlrl, g <-ont]nue{l. lea(iing t{) t!~r

possihie observation in 1977 of ~C/ scattering 3,

The present program has sucee~ed 4 in mt=asuring tile ab:j(~lute cross se~-tlun for

L’e P elastic scattrrin~ and the interference term 1 between \\’< and .ZO cx~”hang~’

as tests of the S.$1, and has set new limits on several neutrino propt=rtles that arc’

not contained in the rninirnal SM. The elastic scattering of electron neutrinos l)y

electrons, v~e- --- Vee-, occurs through the t’xchange of both \Vi and 2° bosf~ns as

shown by the Feynman diagrams in Fig. 1. ‘1’herefore, the cross-section 1s sensitive

to the interference ( 1) of the weak neutral-current ( N<’) and weak t.barged-{.~lrr{’r~t

(CC) amplitudes 5. Precise measurements t~f sin: H}v ni}w probe the ShI at the level

of radlatlve corrections; however, t he .Nt”’r ( ‘t’ intt’rference present in v~e -*Urr,

represents a tree-level prechction that had not bwn confronted before the present

experlrnent.

v, e-
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Fig. 1. F’eynrnan diagram for v, t e , V, , e showing the weak charged and

neutral current amplituderi.
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Fig. 2. The observed mgu.lar distrlhutl[)n of the beam-maociatcd recoil r]m.~r{~n.i

Here. 8,. is the angle between the incident mutrino and the rccrmstructml rm-1III

clm’tron, The did line indicates the tit to the Mmtc (’ado distributions f{)r I hr

cxpertcrt signal Arid Imckgroumis, T:.e (Il)ttr(l Iinc indicates the ttitall)a(-k~roll[~ll,

whllc th- dashed Iinc indicates the nmltrlno In(luccd background only,

NKII’I’I{IN() l)l{ol)ljR’l’lNS

[t 1$ thr [.(}[llI)nrls{)ll !1( LhC lllr~lSllrf.(1 l), f’ strrngtll to th:~t l~rr~llt.tr~l III

the Clm’tr{lwrnh SM thd j)lm-s Il;illts !)[1 [1!)1]Sthll(lrlr(l ptlyw(’s A llstlll~ ,,1

nrlltrlll[) l)r[llwrtw~, rLII(l (}I thr Ilrw rr~lllt.!t fr~)lll l, Ahll’ 1+’,,~rr tllsl)lnyr~l I*: 1’,1

l~le I A Ilrlltrln(l tlln~nrtlt. lil(IIIlrIll wI)lll Il Iw Itiitnl(rst nH nu rxtqrsri (II f’liLst II

h,mttrrll]~ rvrlltri t“r~)lll II lit t,,) Ihr rxilrrllllrlltJ itnglllnr illstrll~lltl,,ll W(’ Iill,l

1 I I :V}(.ildl) I ?!}(.~,v.~1) f~vrlits ;Il)t)ve rxljf.,tnlll)ll~ fr~~lll I hf. IIllllllllrd SM Ill

l’lll!llll~ !ly\lt-lllntl(’ Iill{l !+ti!tl!ill(”iil 11111(’it Jllllllfm S, Ihr !Illw.lvrll rvf’llt 1111111 I(II !1
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Table 2: Limits on new gauge boson masses for S. P,T, V’ and A couplings

be improved by more than an ordrr O( Inagnitude to be sensitive to the expe(tt,ti

SYL radiative correl. tlors. and so to provide a {infinitive test of the SM radlativv

[-orrectlon scheme

(’onsideratlon of weak neutral ~.urrents has been central to the developrllent

of the SM r>f elect ro- weak interactions Ilu{”h of the forlnal structure 0[ the Sll

derives from the necessity to eblIll IlatC flavor-changing neutral currents ( h’(’?4( ‘)

at the tree-level since such currents have not been observed experimentally ‘[’ht.

Interference efft’ct In V<e scatt. er]n R rt’quires the outgoing neutrino to be tht’

same type, I.e Vf, as the incolulng neutrlno; thus Vte is sensitive to 1“(’N( ‘s. /\

~-onvcnwnt wmy to seurch for such a phenomena would be to compare the measure~l

value of the weak m]xlng angle fronl Vcv s(.attering, @w) with that extrw”te(l

from nun-neutrino processes. A framework in whi~-h to discuss F~NC in neutrlll(~-

Iepton currents begins with the introductmn by okun” of purely ~~llenorrlenologl~ill

roupllngs /fP, jCP, and j,, where 1 fj, f ~~~ t ~~r and the !$M is rr{-{~vtrt.(l
I)y Srltlng f,m f,, (). [f we label the weak -nlixing angle extrat.tr(l fri~lll

I)rf, rlnslit” s,,”attpring M ti~ , ancl the weak-rl}ix]ng angle (Ierivml fn)m thr Lt’ ‘

and Z’) [Iiasses M @w, wc have L /r, (s1112dw’ slIi2@wjil I ~(sin2ti~ !

slll~t)w)j(, l 2:,l112k+v) ‘ l$~xl)li~lt Ilrllits fr,)f[l this crcpr=rilllent givr the Illf’arl

vnlut- ~., (),!):{, ~rl(l the ()()% ~,,)ll[i~i(.l]<(. ]I[lllt f(,r all c~ff.{liagoll~ }lavor-~.h~llgl[lg

f(“oupllng, M i f, . ():15 Illtcr]latrvcly, through use {)( the l~~)rlndixatrt)[i

rt’lntliill. we ]IEVP m ]II1!!! ~)rl III(I t[~t~] strer[~til of i!~~of-(”hii[iglnK tran:+ltl(lils (Of

/:,, ~ J’ ~.rr () ~’~ (!)()’~fi f ‘/ )



‘) W flo. [f terms proportional to m, L’,, arr IK-with t.st? := (~,164 and o~.~1 = -,-

nored. then the differential t FOSSsection for ung interaction composed of the SUII1

,,f .<. P, T, l“. .-! c-omponents can be expres. ~d as da u’y x .4- B( 1 - y) - (‘( 1 - yi2

and the total cro~~ section is simply u = ( .4 – B 2 - (’:3 )u0. lVe can extract

general limits on the mass i couplings ratios [or scalar and tensor intera~.t ii~ns, as

listed in Ta!)le 2.

.4s an example, for the case of a pureiy- spin-~ T interaction (5 = P = 0),

we find that T = 2(qJr.\fw)/(gMz ] < 0.379 If the tensor boson ,-ouples with

same strength as the weak charged-current ( ~r = g), this limit would imply that

the neutral tensor boson must be h:~vier than .\lr >> l,15,1fz s 105 t“;eV, [n

general, limits obtained here on the mass of hypothetic-al bosons are similiar to

limits obtained by direct searches for such bosons in collider experiments. Hovv-

ever. limits from neutrino-electron scattering would be important for ruling out

particular extensions of the SiM which involve bosons that couple manly, or only.

to leptons, a weak interactions that only couple fermions within the same weak

isocioublet,
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